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ABSTRACT
The performance levels for 10 bluejays were deter-
mined for each of 3 unidimensional visual discrimination
problems utilizing wavelength, brightness and pattern.
A fourth problem utilized compound stimuli comprised of
wavelengths, brightnesses and patterns not used in the
unidimensional problems. Six of the bluejays then had a
portion of their hyperstriatum removed by subpial aspiration.
The remaining 4 bluejays were subjected to sham operations.
A postoperative assessment of the amount of retention and
the rate of reattainment of preoperation performance levels
was obtained for all 4 problems. All 10 bluejays demon-
strated a postoperative decrement in performance for each
of the 4 problems • However, the amount of postoperat ion
performance decrement was greater and the rate of reattain-
ment slower in hyperstriatal lesioned birds. The signifi-
cance of the influence exerted by hyperstriatal lesions in
bluejays upon retention and reattainment of preoperation
levels of performance was considered in the light of the
deficits in performance of visual tasks (1) reported in
pigeons with hyperstriatal lesions and, (2) reported in
mammalian species with striate neocortex lesions. Perfor-
mance by bluejays showed an inverse relationship between the
amount of overtraining and the magnitude of the postoperative
deficit in the pattern discrimination.
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INTRODUCTION
Morphologically, the avian wulst is a prominent
parasagittal elevation of the rostral telencephalon (quite
conspicuous in the family Corvidae) which is delimited by
the longitudinal cerebral fissure and the vallecula. All
of the hyperstriatal regions dorsal with respect to ventral
hyperstriatum are considered to be components of the avian
wulst (Karten and Hodos, 1967; Karten, 1969). Proceeding
from the least to the most superficial regions this includes
(1) hyperstriatum dorsal, (2) hyperstriatum intercalatus
suprema, (3) nucleus intercalatus hyperstriatum accessorium
and, (A) hyperstriatum accessorium.
Hyperstriatal regions that are designated wulst can be
further partitioned into three functionally distinct sub-
divisions (Karten, Hodos, Nauta, and Revzin, 1973). These
three subdivisions: (1) posterior, (2) anterior, and (3)
ventromedial can be distimuishe 1 from one another on the
basis of efferent and afferent relationships with other brain
structures and cytoarchitectonic criteria. The anterior
portion and a larger posterior portion are separated morphol-
ogically by a transverse sulcus. Cytoarchitectonically , the
posterior can be distinguished from the anterior portion by
the presence in the former of densely packed granule cells.
The afferents of the dorsolateral region of the posterior
wulst have their origin in dorsal thalamic nuclei lateralis
2anterior, dorsolateralis anterior, dorsolateralis anterior
pars lateralis and dorsolateralis anterior pars magnocellu-
laris, collectively called nucleus opticus principalis
thalami. Nucleus opticus principalis thalami receives the
major retino-thalamofugal projections. On the basis of
these retino-thalamo-telencephalic projections, the dorso-
lateral posterior wulst is designated "visual wulst" as dis-
tinct from anterior wulst. The origin of the anterior
wulst' s afferents are at present unknown.
More compelling support for distinguishing between
anterior and visual wulst is afforded by the pattern of their
respective efferent projections and their specific termina-
tions. Visual wulst intratelencephalic efferents terminate
in ipsilateral lateral hyperstriatum ventrale, neostriatum
and periectostriatum (Adamo, 1967; Karten and Hodos , 1970).
Extratelencephalic efferents from visual wulst terminate in
nucleus opticus principalis thalami, ventral lateral genicu-
late nucleus, pretectal nuclei and optic tectum. Termina-
tions of efferents from anterior wulst are distributed,
similar in almost every respect with a component of the
pyramidal tract in mammals, to the red nucleus, the medial
magnocellular region of the rhombencephalic reticular forma-
tion and caudal with respect to the bulbospinal junction via
the contralateral dorsal funiculus of the spinal cord (Karten,
1971). The anterior wulst may serve a role in mediating
3motor functions which has yet to be determined.
The ventromedial portion of the wulst receives effer-
ents from a dorsomedial anterior complex of thalamic nuclei
(nuclei dorsomedialis anterior and dorsolateralis pars
medialis). No function has yet been designated for this
portion of the wulst.
Since corvids have well developed wulsts, and the
bluejay is a corvid, information regarding the magnitude and
characteristics of visual discriminability deficits resulting
from ablation of the Northern bluejay's wulst would be use-
ful as a basis for making (1) comparisons with deficits in
visual discrimination tasks resulting from the ablation of
the wulsts of other avian species and, (2) comparisons
with deficits in visual discrimination tasks resulting from
the ablation of the striate neocortex of mammalian species.
Comparisons Within the Avian Class :
The pigeon and the quail are the only two avian species
for which there is information about performance on visual
discrimination tasks following hyperstriatal lesions that
included portions of the wulst. (Stettner and Schultz, 1967,
reported that there was no impairment in the postoperative
acquisition of a discriminative operant that was based on a
horizontal versus vertical parallel lines distinction in
quail •
)
Behavioral analyses of the influence that wulst
4ablations exert upon visual discrimination capabilities of
the pigeon indicate that diminished form/pattern and bright-
ness but not color discriminability are to be anticipated.
Following substantial ablations involving hyperstriatal
areas including accessory hyper striatum, (a term adapted
by Zeigler from Stingelin, 1958, which applies to roughly
the same hyperstriatal areas that are now considered to be
the wulst) Zeigler (1963) found deficits in the pigeon's
ability to discriminate between (1) two brightnesses whose
intensity values differed by 1.0 log unit and, (2) between
a triangle and a square of equal area. The magnitude of
the deficits observed in performance levels during postoper-
ative acquisition and preoperative performance level reten-
tion testing were positively correlated with the extent of
lesions for both brightness and form discriminations. Form
discrimination performance was much more severly influenced
by the hyperstriatal lesions than was brightness discrimina-
tion performance. Pigeons in neither the postoperative ac-
quisition group nor the retention group failed to reach
criterion for the brightness discrimination but three of four
pigeons in the postoperative acquisition group and one of
four pigeons in the retention group failed to reach criterion
for the form discrimination.
Pritz, Mead and Northcutt (197) introduced lesions to
pigeons that were confined more exclusively to the designated
5wulst portion of the hyperstriate areas. These pigeons also
demonstrated decrements during postoperative assessments of
brightness and pattern discrimination. However, performance
on a color discrimination task showed no impairment. There
were three groups of pigeons in this study. One group of
pigeons was presented two Kodak: Wratten color filters
(No. 29, A max = 632. 7nm and No. 99,Xmax 554. 6nm), a
second group was presented two intensity values which dif-
fered by 0.8 log units and, a third group was presented a
and an "x" to discriminate. Looking at retention and
reattainment rate of preoperative performance, the observed
decrements for the form discrimination were less severe and
more transient than those observed by Zeigler. The converse,
deficits more severe and less transient than Zeigler* s, is
suggested for the brightness discrimination. (It should be
recalled, however, that Zeigler used intensity values differ-
ing by 1.0 log unit and Pritz et al.byO.8 log units). All
pigeons in both brightness and form discriminations reattained
criterion levels of performance with the exception of one
pigeon in the hyperstriatal form discrimination group that
had to be reshaped. This bird eventually exceeded a 90 per-
cent correct performance level without meeting a performance
stability criterion. As was reported by Zeigler, performance
in the form discrimination task was impaired to a greater
degree than performance on the brightness discrimination task.
6On the basis of the magnitude of deficits observed in
postoperative performance following lesions placed in nucleus
opticus principalis thalami for one group of pigeons and in
what is considered the primary telencephalic projection
area of nucleus opticus principalis thalami — nucleus
intercalatus hyperstriatum accessorium — for a second group
of pigeons, Hodos, Karten and Bonbright (1973) concluded
that little or no decrements in performance occur with
accessory hyperstriatal lesions
. With only moderate success,
their accessory hyperstriatal lesions attempted to remove
a relatively circumscribed region of the wulst. In terms of
the proportion of total hyperstriatal involvement, their
lesions were considerably smaller than those produced by
either Zeigler (1963) and Pritz, Mead and Northcutt (1970).
However, three pigeons did sustain extensive damage to
nucleus intercalatus hyperstriatum accessorium, two moderate
and six slight. The performance of pigeons that had exten-
sive nucleus intercalatus hyperstriatum accessorium involve-
ment supports the hypothesis that the presence of an intact
nucleus intercalatus hyperstriatum accessorium is not essen-
tial for pigeons to reattain criterion performance on four
simultaneously presented visual discrimination problems.
These were: (1) a brightness problem involving two intensity
values differing by 0.86 log units; (2) a form problem involv-
ing a horizontal versus a vertical bar; (3) a form problem
7pair consisting of solid line triangles, apex up for one
and apex down for the other; and, (4) a form problem pair
consisting of dotted line triangles, apex up and apex down.
For the same four problems, performance levels for the
nucleus opticus principalis complex lesioned pigeons suggests
they may have suffered a more severe impairment than did
nucleus intercalatus hyperstriatum accessorium lesioned
pigeons. Across the four problems, the number of postopera-
tion three session blocks required to reattain a criterion
level of performance was (on the average) three times greater
for nucleus opticus principalis complex involvement pigeons.
This was observed in spite of the fact that extensive damage
occurred only to nuclei dorsolateralis anterior pars magno-
cellularis and lateralis anterior. Nucleus dorsolateralis
anterior may have been spared in all pigeons. (This is one
of four nuclei designated as a component of the nucleus opti-
cus principalis complex by Karten et al., 1973, but not in-
cluded as a component by Hodos, Karten and Bonbright, 1973.)
It is difficult to specify the factors which underly
the observed differences in performance levels following the
hyperstriatal lesions performed in these three studies. Dis-
similarities in the stimuli used or, in the total amount of
hyperstriatal involvement may constitute critical variables.
Because rate of reattainment of preoperative performance
levels is an important dependent variable in making compari-
sons, interpretation of differences between studies may be
8further compounded by the fact that both Zeigler (1963) and
Pritz, Mead and Northcutt (1970) used successive discrimina-
tion techniques (with performance level represented by percent
S
+
responses) whereas Hodos
, Karten and Bonbright (1973)
used a simultaneous discrimination technique (with performance
level represented by percent S + choice) and a correction
procedure. Richardson (1969) stated explicitly that acquis-
ition as measured by percent S + responses was slower in
successive discrimination situations than in simultaneous
discrimination situations. He implies by omission however,
that there is no difference in discrimination acquisition
rate between successive and simultaneous procedures when per-
cent S + choice is the dependent variable. Perhaps if per-
formance levels described by Zeigler and Pritz et al. were
expressed as percent S+ choices, comparisons might be more
meaningful. A further conclusion to be reached from
Richardson's study, perhaps the more important one, is that
the controlling stimuli may not be the same for the two types
of discrimination tasks.
In summary, the evidence available for pigeons, though
problematical in its interpretation, suggests five conclusions:
(1) Pattern/form and brightness but not wavelength discrimin-
ation capabilities show transient impairment} (2) Diminution
of pattern/form discriminability is greater than that observed
for brightness; (3) The magnitude of observed deficits is
9directly proportional to the amount of hyperstriatal involve-
ment; (4) Hyperstriatal regions other than nucleus inter-
calate hyperstriatum accessorium are capable of mediating
unattenuated performance in visual discrimination tasks;
and (5) Processing of visual information in hyperstriatal
areas other than nucleus intercalatus hyperstriatum accessor-
ium appears to depend in part on information not available
when nucleus opticus principalis thalami is lesioned.
The importance of obtaining information about the visual
properties of the wulsts of other avian species can be em-
phasized by pointing out that the extent to which the wulst
is developed and the pattern of the wulst 's efferents and
their terminations can exhibit varying degrees of disparity
between various species (Adamo, 1967; Karten et al., 1973).
The question should be asked, how complete is the understan-
ding and interpretation of the visual function of the wulst
of a particular species when reference is being made to 'the
avian (pigeon) wulst'?
Comparisons Between Avian and Mammalian Classes :
A comparative analysis of the extent to which the visual
wulst of aves and the striate neocortex of mammals are
comparable in their roles as mediators of visual information
can focus on essentially three types of information: (1) Em-
bryological comparisons asking the question — Do subpopula-
tions of neurons which mediate the processing of visual
10
information develop from anlagen (primordium) which derive
from a phylogenetically common antecedent organism? (2) Neuro-
anatomical and histological comparisons asking the question
Are subpopulations of neurons, and their afferents and effer-
ents which mediate the processing of visual information
organized similarly with respect to topology and topography
and, do respective subpopulations have the same morphologi-
cal, histological, and histochemical characteristics? and,
(3) Behavioral and physiological comparisons asking the
question — Are the various visually founded functions sub-
served by respective subpopulations of neurons and the sub-
systems they are organized into similar? The existence of
anlagen derived from a phylogenetically common antecedent
organism implies that a homology exists. The existence of
organizational and morphological similarities, without evi-
dence of a homology, implies that a homoplasy exists. The
existence of functional similarities implies than an analogy
exists (Kallen, 1959; Boyden, 1969; and Campbell and Hodos
,
1970).
My primary interest at this time is focused on a func-
tional comparison — asking whether the avian wulst and mam-
malian striate cortex are analogous. Questions regarding the
existence of an analogy may be adequately developed within a
heuristic framework constructed of evidence for the existence
of homology or homoplasy. What is the nature of the evidence
11
which suggests that the avian wulst and mammalian striate
cortex may be homologous or homoplastic?
The case for homology. Karten (1969), Karten and
Kodos (1970) and, Nauta and Karten (1970) have suggested
that homologous neurons are to be found in the avian wulst
and the mammalian striate cortex. They speculate that large
populations of neurons found in the mammalian neocortex have
their embryological origins in the dorsal ventricular ridge.
In aves, the dorsal ventricular ridge gives rise to the neurons
which are to become organized into the less superficial regions
of the external striatum, including the neostriatum, (sub-
areas ectostriatum and peri-ectostriatum within neostriatum)
and, possibly hyperstriatum ventral as well. In mammals,
the neurons proliferated from the dorsal ventricular ridge
are hypothesized to migrate into the pallium where they aug-
ment neurons proliferated from the ependyma of the pallial
mantle in the formation of the neocortex including occipital
striate and circumstriate neocortex (primary visual area 17
and secondary visual areas 18 and 19). The characteristic
laminations of mammalian neocortex are thought to be the
consequence of cells formed in the dorsal ventricular ridge
becoming organized into laminae within a cellular matrix
composed of cells proliferated from the pallial mantle. In
aves, those cells proliferated from the pallial ependyma be-
come organized into the wulst (the more superficial regions
of external striatum). However, cellular laminae are not
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apparent in the avian external striatum. Rather, two large
subpopulations of neurons are observed — those constituting
the neostriatum and a ventral hyperstriatum and, those con-
stituting the wulst — each with a different embryological
origin.
The contention that neurons in the avian external
striatum and the mammalian neocortex are of the same embryo-
logical origin and are therefore homologous, can be no more
easily refuted on the basis of presently available evidence
than the previously adhered to supposition that the neocortex
of mammals arose de novo without benefit of previously exist-
ing neural substrates (Kallen, 1962; and Baker-Cohen, 1968).
Whether or not subpopulations of neurons subserving visual
processes in avian wulst are homologous with those in mammalian
striate cortex remains to be determined and is the most dif-
ficult of questions to be answered. At least for the present
time then, the development of a heuristic framework within
which questions regarding analogy may be formulated relies
most heavily on the establishment of homoplasy.
The case for homoplasy . The neural organization of
avian and mammalian visual systems projecting into external
striatal and neocortical areas of the telencephalon is re-
viewed by Karten (1969), Karten and Hodos (1970) and Nauta
and Karten (1970). In mammals and aves (and possibly all
vertebrates), fibers of origin within the retina proceed
directly to two distinct subdivisions of the brain ~ the
mesencephalon (midbrain) and the diencephalon (thalamus) —
where their terminations are found. The subpopulations of
neurons within the mesencephalon in which these terminations
occur are called respectively for mammals and aves , the
superior colliculus and the optic tectum. Fibers of origin
within the superior colliculus and the optic tectum proceed
rostrally to diencephalic nuclei — lateralis posterior
thalami in mammals and rotundus in aves. The fibers of
origin within nucleus rotundus can be traced to the region
of the telencephalon called the ecto±riatum. In mammalian
species efferent projections of nucleus lateralis posterior
thalami are believed to terminate in regions of the telen-
cephalon. Snyder and Diamond (1968) in the tree shrew and
Hall and Diamond (1968) in the hedgehog have observed retro-
grade degeneration in the thalamic nucleus lateralis posterior
when circumstriate neocortex was ablated. The visual path-
way which proceeds from the retina to the mesencephalon to
the diencephalon to the telencephalon is referred to as the
tecto-fugal pathway.
The subpopulations of neurons in the diencephalon in
which the fibers of origin within the retina terminate are
called, respectively for mammals and aves, the dorsal nucleus
of the lateral geniculate body and nucleus opticus principalis
thalami. Fibers of origin within the lateral geniculate
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body and nucleus opticus principalis thalami proceed ros-
trally to telencephalic regions — occipital striate cortex
in mammals and wulst in aves
. The visual pathway which pro-
ceeds from the retina to the diencephalon to the telencephalon
is referred to as the thalamo-fugal pathway. •
Revzin .(1969) likened the electrophysiologically deter-
mined properties of single neurons in the avian wulst to
those attributed to striate cortex by Hubel and Wiesel (1962,
1968). A topographic relationship with the retina, cellu-
lar units with small (2-10°) receptive fields and columnar
organization are properties apparently common to neurons in
both the wulst and the striate cortex.
Further evidence indicates that the tecto-fugal and
thalamo-fugal pathways converge at the circumstriate neocortex
in mammals (Kuypers, Szwarcbart, Mishkin and Rosvold, 1965)
and the peri-ectostriate and neostriate in aves (Adamo, 1967;
Karten and Hodos
,
1970; and Karten et al., 1973).
Thus the gross neural organization and electrophysiolog-
ical properties of both the avian and mammalian visual systems
suggest that the constituent components may be analogous.
An inquiry utilizing behavioral techniques concerning the
extent to which the avian wulst and mammalian striate cortex
are analogous may reveal how functionally similar 'the avian
wulst' and 'the mammal ian striate cortex' may actually be.
A basis for asking if an analogy exists . Classically,
the symptoms observed following lesions of the entire striate
15
neocortex have been interpreted as a general inability to
perform well on tasks which require information of a visual
nature. Two exceptions to a total inability to utilize
information are the capacity to utilize information based
on luminous flux differences and the ability to respond to
stimuli which elicit optic orienting reflexes. This classi-
cal interpretation had its origin in observations reported
by Lashley (1931, 1935, 1937, 1939 and 1950) based on data
obtained from rats, Smith (1937 and 1938) based on data
obtained from cats, and Kluver (1936, 1941 and 1942) based
on data obtained from monkeys.
Lashley and Smith reported that complete striate cortex
ablation results in the disappearance of brightness and
pattern discriminative operants. They also reported that
postoperative recovery to previous performance levels re-
quired 1-2 times the preoperative amount of experience for
a brightness discrimination. Postoperative evidence for
residual pattern and acuity discrimination was reported only
by Smith (1938).
Kluver observed that brightness, wavelength and pattern
discriminability are indeed lost, but indicated that recovery
of brightness discriminability and residual pattern and
acuity capabilities should be interpreted with caution.
Kluver demonstrated that successful performance in a bright-
ness discrimination task was due to the destriate monkey's
16
capability to discriminate differences in luminous flux
(the total light energy from a source) — not differences in
luminance (the light energy per unit area of a source). The
existence of residual pattern and acuity capacities were
considered to be demonstrated by the occurence of head and
eye movements in response to moving black and white stripes
i.e., optomotor nystagmus. As was pointed out by Kluver,
responses to these moving stimuli could depend entirely on
the perception of successive b rightness differences and not
contour perception per se .
Subsequent studies have substantiated (Thompson, 1960;
and Horel, Bettinger, Royce and Myer, 1966) and extended the
earlier observations. Meyer (1963) reported better than
chance selection of the shallow side of a Gibson's visual
o
cliff by destriate cats. However, these same cats were de-
cidedly deficient in a visual task requiring them to dis-
tinguish between a black and white checkerboard pattern
utilizing three inch squares, and three inch wide black and
white stripes. Bauer and Cooper (1964) demonstrated that
luminous flux differences are sufficient to maintain a dis-
crimination by destriate rats between two light sources which
differed in both luminance and luminous flux qualities.
However, whether or not destriate rats could discriminate
differences in luminance when luminous flux was equated was
not determined. Schilder (1966) provides evidence that
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destriate cats can discriminate between two light sources
differing in both luminance and luminous flux. But, the
same cats cannot discriminate between two light sources dif-
fering in luminance when luminous flux is equated. Craft
and Butter (1968) found that destriate rats lost and did not
recover a preoperative discriminative operant which was de-
pendent on differences in wavelengths. However, these rats
did reattain preoperative performance levels in a light-dark
discrimination. According to Schneider (1969) many of these
classical observations are applicable to hamsters also.
Weiskrantz (1963), Humphrey and Weiskrantz (1967) and
Humphry (1970) demonstrated that the amount of residual vision
manifest following striate cortex removal is greater than
what was previously considered in the classical schema.
Given sufficient time and/or experience with the proper types
of tasks, monkeys can (1) use differences in total contour
length to discriminate between two stimuli equated for lum-
inous flux; (2) detect and grasp either one moving object or
two moving objects (grasping one then the other in sequence
as required to receive a reward); (3) detect, orient toward
and grasp an object which has been moved into the field of
view and then stopped; and finally, (4) detect and grasp
small stationary objects in room illumination.
Other residual visual capabilities may exist or develop
postoperatively in striate lesioned mammals that have not yet
18
been demonstrated. Nevertheless, the differences between
striate lesioned mammals and wulst lesioned pigeons in the
degree of severity of deficits in pattern, brightness and
wavelength discriminability as well as in the amount of
recovery time and experience required to reattain preopera-
tive levels of performance are quite conspicuous.
Are there avian species which possess a greater reliance
than pigeons on the wulst for the mediation of visual dis-
criminations and visually guided behaviors? Would the dis-
crepancies exist or be as conspicuous if an avian species
having a more anatomically developed wulst was substituted
for the pigeon? Are the avian wulst and mammalian striate
cortex analogous? The bluejay with its more prominent wulst
offers an important opportunity to address such questions.
19
METHOD
Subj ects :
Ten experimentally naive Northern bluejays (Cyanocitta
cristata ) were used as subjects. They were captured in the
Amherst, Massachusetts area and brought into the lab during
the month of June, 1972 between 10 to 17 days after hatching.
During the course of experimentation they were maintained
at 75 to 80 percent ad libitum weight unless they failed to
finish a session in 10 to 20 minutes. Failure to finish in
20 minutes prompted a reduction in their daily food ration.
Finishing in less than 10 minutes prompted an increase.
Two grams of their daily food ration was given to each bird
immediately after finishing a session. The complement of the
daily food ration was usually not given until a minimum of
three hours later.
The 10 birds were assigned to control and experimental
groups (four and six each respectively) according to the
order in which they reached criterion during initial acquisi-
tion. Bluejays assigned to the control group have the letter
WC" following a letter which designated the stimulus condi-
tion they were exposed to. Experimental birds had the
letter "L M . Birds with comparable performance levels were
assigned to groups such that one was placed in the control
group and the other in the experimental group.
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Apparatus :
The operant chamber was a modified Lehigh Valley
Electronics pigeon chamber, with inside dimensions of 30.8 x
34.3 x 36.7 cm. Two 5.1 x 7.1 cm transparent plastic keys,
having translucent rear projection material on their rear
surfaces, were situated behind 4.7 x 4.7 cm openings. The
centers of the keys were H. 5 cm apart and 19.0 cm above the
floor. A food magazine with a 5.1 x 3.5 cm access opening
was located 3.8 cm below the keys. Reinforcements were meal-
worm halves (Tenebrio larvae) rolled in Alpine whole fish
protein concentrate (Alpine Marine Protein Industries, Inc.)
and dispensed into the food magazine by a Davis Universal
Feeder. Reinforcement deliveries were cued by a light pres-
ent within the food magazine.
While making a response, the bluejays stood on a 1.2 cm
diameter perch which was 9.5 cm in front of the response panel
and 4.0 cm above the floor. The houselight was a GE 1252
lightbulb situated behind a white translucent glass lens (half
painted out with opaque black paint) located center-front,
4.0 cm below the ceiling of the chamber. The stimuli were
projected onto the keys by a programmable Kodak Carousel 800
slide projector. All stimulus events and data collection
were handled by a Lehigh Valley Electronics INTERACT computer
system (Kamil and Sacks, 1972).
Stimuli
:
For preoperative and postoperative brightness, pattern
and wavelength discriminations, three unidimensional tasks
as well as a fourth multidimensional task were used. The
stimuli consisted of 5.1 x 5.1 cm slides. The slides were
constructed such that, for any given slide, one stimulus was
located on one half of the slide and the other stimulus on
the remaining half. The light source was a Sylvania CBA
tungsten-halogen lamp (500 watts, color temperature of
approximately 3200°K at full rated power) with the filament
maintained at 3.8 amps and 85.5 volts by a Carousel control
panel which received its line voltage through a Raytheon
regulator transformer.
A difference in intensity values of 0.6 log units was
used for the brightness discrimination task. Light from the
projector was attenuated with two Wratten neutral density
filters (Kodak Wratten Filter 96) of 0.8 and 0.2 log units.
Parallel vertical and horizontal lines, 0.3 cm thick and
0.6 cm apart when projected upon the response keys were used
for the pattern discrimination task. The overall brightness
for each pattern stimulus member was attenuated an equal
amount by Wratten neutral density filters. Wratten color
filters 72B (X^ = 605.7) and 70 (A^ = 678.0) •ere
used for the wavelength discrimination task (Kodak Filters,
1972). The stimuli in the wavelength discrimination task
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were equated for luminosity (luminous flux, Wyszeclci and
Stiles, 1967) using photopic spectral sensitivity information
for pigeons. Pigeon spectral sensitivity information was
taken from a behavioral determination by Blough (1957) and
also an electroretinographic determination by Blough, Riggs
and Schafer (1972). (See Appendix I for procedure used to
equate luminosities.) As a further precaution to eliminate
brightness differences as a cue, the equilibrated intensities
of each of the stimulus members in the wavelength discrimin-
ation pair was randomly attenuated by 0.1, 0.2, or 0.3 log
units relative to the other stimulus member on each trial.
(See Appendix II for the intensity values of each of the
unidimensional stimuli.)
Brightness, form and wavelength values other than those
used in the single relevant cue stimuli were combined into a
multiple relevant cues stimulus pair. The brightness dimen-
sion utilized intensity values differing by 0.8 log units.
The form dimension involved distinguishing between stimuli
comprised of two lines of equal length which were perpendic-
ular bisectors of each other and oriented for one stimulus
as an "x" and for the other stimulus as an "+". The wave-
length dimension utilized Wratten color filters 94 (A-max=
460.2) and 93 <A mav = 544.8).x
Because the houselight in the Lehigh Valley Electronics
operant chamber tends to dilute the colors in the wavelength
discrimination stimuli, the houselight was turned off during
all stimulus presentations. The intertrial interval (ITI)
was eight seconds therefore changes in adaptation level
were minimal.
Procedure :
Pretraininq . Following habituation to the operant
chamber and magazine training the bluejays were shaped to
peck at both keys which were nonilluminated during the shap-
ing procedure. This was accomplished in part by using live
Tenebrio larvae behind a piece of clear plastic taped to the
keys to initially focus a pecking response on the two keys.
The contiguity between the Tenebrio larvae and the peck was
gradually shifted from the worm being on the key toward which
the peck is oriented, to the worm appearing in the lighted
food magazine following a key peck, by substituting for the
live Tenebrio larvae in turn, a dead larvae, then only a
portion, then only the piece of plastic and finally no plas-
tic but just the keys. The shaping process was considered
successful when the bluejays responded nonpreferentially to
each of the nonilluminated keys. All the bluejays were re-
quired to learn a block pushing operant in a Wisconsin
General Testing Apparatus (WGTA) after development of the
key pecking response. This was done to facilitate transfer
to an object discrimination learning set (ODLS) situation.
Training . Following pretraining the four stimulus pairs
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described above were presented to the bluejays. Two stimulus
conditions were used, half the bluejays in each group receive,
one member of each of the stimulus pairs as S + and the re-
maining bluejays the other member of the stimulus pair. A
letter designation placed after each bird's identification
number was used to denote the stimulus condition a particular
bluejay was exposed to — F for the stimulus-reinforcement
contingencies arbitrarily assigned to the forward condition
and R for the reversal of these stimulus-reinforcement con-
tingencies. S +, s for the forward stimulus condition were
bright, ( +
, \ = 460.2, bright), 3 and X = 605.7.iiiax max
The position of each member of the stimulus pair was deter-
mined randomly by the computer, such that each member of
the stimulus pair occurred equally often on either key. The
order of presentation of the single relevant cue stimulus
pairs was randomized on a daily basis* The multiple rele-
vant cues stimulus pair was always presented last*
Each stimulus pair was presented for 16 trials per
daily session* The daily 64 trial sessions continued for
each individual bird until it reached a criterion of 88 per-
cent (14/16) correct for each of the four problems in three
out of four sessions while not going below 85 percent (55/64)
for each of the problems through all four sessions. (This
meant that on one of the four days an individual bluejay
could have missed as many as 9/16 for a single problem and
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still have met criterion for that problem if it got 16/16
correct the other three days. Also, it meant that criteria
for all four problems had to be met within the same four
day interval.)
Surgery
. As each individual bird reached criterion, it
was placed on a vitamin and protein supplemented ad libitum
feeding schedule for 18 to 23 days. Access to food and
water was removed eight and six hours respectively prior to
surgery. All surgery was begun within one hour prior to the
beginning of the dark portion of the light :dark cycle to
insure that the bluejays recovered from the anesthesia in
the dark, in their home cage. (Diurnal animals, birds in
particular, are less inclined to be active in the dark.)
Access to food and water was provided the morning following
surgery.
The bluejays were anesthetized with an intramuscular
(pectoral muscles) injection of 0.35 cc/100 gms . of Equi-
Thesin (Jensin-Salsbery Laboratories). The head feathers were
plucked and the plucked area swabbed with iodine. Using a
Revzin pigeon adaptor (Karten and Hodos, 1967) the bluejays
were placed in a Kopf cat-monkey stereotaxic instrument. All
10 of the bluejays had their calvarium trephined using a small
diameter bit that was modified with a stop to prevent deeper
penetration than that which was required to allow the bone to
be worked free with a sterile number 12 Bard-Parker scapel.
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The removal of the bone disc was accomplished with no dis-
cernable penetration through the dura matter. The four
control bluejays had their bone disc replaced immediately
after the surgical area had been swabbed clean of blood
with avian saline soaked swabs. The six experimental blue-
jays had portions of their wulst removed bilaterally through
visually guided, subpial aspiration with an aspirator made
from 18 gauge stainless steel stock and a disposable syringe
barrel and needle housing. Following the replacement of the
bone disc the bluejays were sutured with 5-0 medium chromic
surgical gut, the area reswabbed with iodine and a measure
of Neosporin (Burroughs Wellcome Co.) antibiotic ointment
applied over the sutures to prevent dehydration. The blue-
jays were allowed a 15 day postoperative recovery period
during which they were maintained on a vitamin and protein
supplemented ad libitum feeding schedule. A 10 day period
was allowed, following the postoperative recovery period, to
bring the bluejays back down to their running weights. They
were then again presented the four stimulus pairs for 24
daily sessions.
Histology
.
Histological examination of the brains has
not been undertaken since all the bluejays are currently being
run through the acguisition of object discrimination learning
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RESULTS
Behavioral :
The morning following surgery all 10 bluejays took live
Tenebrio larvae that were extended to them held between two
fingers. The mealworms ranged from 13.0 mm to 30. mm in
length. Mealworm retrieval was quite deliberate in that very
few wasted movements such as unsuccessful pecks, and no orien-
tational abnormalities were observed. In addition to there
being apparently normal pecking behavior, there were no ob-
vious debilatations in other locomotor capacities (flying,
perch hopping or walking about the bottom of the cage).
Relative to the time spent on the bottom of their cages
before surgery, two bluejays 4RL and 26RL, spent a dispropor-
tionate amount of time on the bottom of their cages following
surgery. (These two bluejays would immediately hop or fly,
landing on the perch or grasping the side of the cage, when
disturbed by a finger thrust at them between the wires of
the cage.) The increased floor dwelling behavior gradually
disappeared and was no longer observed approximately eight
weeks after surgery.
With the exception of bluejay 35RL, all the bluejays
began key pecking spontaneously when reexposed to the illum-
inated keys. Bluejay 35RL's behavior was interesting in
that it would peck the response keys while they were not il-
luminated or dark during ITI'S but not during stimulus presen-
tation when they were illuminated. (Recall that all the
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bluejays were initially trained to keypeck using nonillumin-
ated keys.) Keypecking of the illuminated keys was rein-
stated within 15 trials by allowing bluejay 35RL to begin
pecking at the keys during ITI conditions, withholding rein-
forcement, then instantaneously switching to stimulus presen-
tation conditions. This procedure for reestablishing the
keypecking of illuminated keys capitalized on the occurrence
of a rapid succession of keypeck responses that went unre in-
forced and which followed the first few pecks of the non-
-
illuminated keys.
One other behavioral peculiarity, possibly related to an
inability to properly orient with regard to position, should
be mentioned. Bluejays 1FL and 26RL often attempted to peck
the selected key (or the selected object in a WGTA) from the
position they were in at the time of stimulus presentation.
On several occasions this behavior required them to reach
all the way over to the left from an extreme right position
(and vice versa) in order to peck a given stimulus. Respon-
ding to one or the other of the two keys in the operant
chamber became awkward for these bluejays when, as they were
observed to do on occasion, they perched on the side of the
magazine. Measures taken to discourage perching on the side
of the magazine and to focus behavior more centrally included
(a) not beginning a session until the bluejay was on the
center of the perch facing the response panel; and, (b) dur-
ing the session, removing any bluejay observed to be perched
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on the magazine from the apparatus and placing it back in the
proper position on the perch. (Interruption of a session for
this purpose occurred less than five times out of a total
for the 10 birds of 240 sessions.)
All 10 bluejays retained the block-pushing operant
learned prior to experience with the discriminability assess-
ment stimuli and before they were subjected to surgery.
Discriminability Assessment :
Performance measures for each of the four problems are
presented in three temporal phases: (1) original acquisition
—
the first five blocks of acquisition; (2) preoperative
assessment the last three blocks prior to the operation;
and (3) postoperative assessment— the first six blocks after
the operation. Group performance curves are presented in
Figures 3,4,5 and 6. Each data point on these curves is
based on a block of 64 trials and represents the mean propor-
tion correct over four daily sessions. Individual bluejay's
performance curves are available in Appendix III. (The data
are presented in the form of group rather than individual
curves because, as mentioned previously, histology will not
be done until after the bluejays complete current discrimina-
tive tasks. Without histological confirmation interpretations
based on individual performance curves are tenuous.)
Original acquisition . The number of errors made on
individual problems before a criterion level of performance
was attained differed from problem to problem (F = 30.21,
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df = 3, p^.OOl). However, a noteworthy pattern developed.
The number of errors to criterion for multiple and pattern
problems was reliably lower than for the brightness and
wavelength problems. Neither the multiple and pattern
problems nor the brightness and wavelength problems differed
reliably fro*m each other in number of errors to criterion
(see Appendix IV for a summary of the analysis of variance
and a table outlining the subsequent pairwise comparisons).
The mean number of errors to reach criterion for multiple
and pattern problems was approximately 20 percent and 45 per-
cent respectively, of that required for either brightness
or wavelength.
Bluejays exposed to forward stimulus conditions:
(a) the brighter of two stimuli in the brightness discrimina-
tion; (b) the shorter wavelength in the wavelength discrim-
ination; and, (c) the brighter, the shorter wavelength, the
M +" in the multiple discrimination got a higher percentage
correct than bluejays in the reverse stimulus conditions
(brightness, F = 6.28, df = 1,8, p<.05; wavelength, F = 19.76,
df = 1,8, p <.005; and multiple, F = 7.04, df = 1,8, p<.05).
There was no reliable difference in performance for the pat-
tern discrimination that was consonant with a forward (-) and
reverse ( ) stimulus condition distinction. (Appendix V
presents the summaries for the analyses of variance for each
of the problems during original acquisition.)
35
Preoperative assessment . Performance levels were
examined during postoperative assessment for wulst lesioned
vs. sham operated bluejays and forward vs. reverse stimulus
conditions. Therefore, the answers to two questions con-
cerning preoperative performance were particularly important:
(1) Had the observed relationship between forward and re-
verse stimulus conditions persisted; (2) Were there any
reliable preoperative differences in performance levels be-
tween lesion and control designated bluejays? Preoperative
assessment indicated that bluejays in the forward stimulus
condition for the multiple problem showed a higher percent
correct than the bluejays in the reverse stimulus condition
(F 8.00, df = 1,6, p^.05). For the other three problems
however, there was no difference in performance attributable
to a distinction between forward versus reverse stimulus
conditions. Performance levels by control designated blue-
jays and lesion designated bluejays were not reliably dif-
ferent (F's for all four problems being less than unity),
indicating that the attempts to assure comparable performance
levels for individuals in the lesion and control groups had
been successful. Summaries of preoperative assessment analy-
sis of variance are available in Appendix VI.
Postoperative assessment . The absolute performance
levels for the first postoperative assessment block (as
exhibited by the group curves) and the difference scores
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based on the related measures number of sessions and errors
to criterion suggest that substantial savings occurred for
each of the four problems postoperatively. The number of
sessions and errors to criterion for pre- and postoperative
performance, amount of overtraining (the number of preopera-
tive sessions and errors to individual problem criterion sub-
tracted from the number of preoperative sessions and errors
to overall criterion) and the difference scores (between
pre- and postoperative performance) are presented in Table 1.
Negative savings scores (number of sessions and errors re-
quired to reach criterion postoperatively subtracted from pre-
operative scores) were observed only for lesioned bluejays:
bluejay (a) 26RL, in both number of sessions and errors,
for the brightness discrimination; bluejays (b) 1FL, in num-
a
ber of sessions and errors, and (c) 35RL, in number of sessions,
for the multiple discrimination; and, bluejays (d) 2FL and
(e) 26RL in number of sessions, for the wavelength discrimin-
ation. No bluejays exhibited negative savings scores for
the pattern discrimination.
Although substantial savings were indicated for both
control and lesioned bluejays there was a definite decrement
in performance for each of the four problems suffered by
those bluejays that had a portion of their hyperstriatum re-
moved relative to those bluejays that were sham operated
(brightness, F = 11.92, df = 1,6, p<.025;. multiple, F =
11.38, df = 1,6, p<.025; pattern, F = 17.85, df = 1,6,
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p < .01; and, wavelength, F = 18.32, df = 1,6, p^.01).
Summaries of postoperative assessment analyses of variance
are available in Appendix VII.
Any conclusions concerning the amount of postoperative
impairment that subjects displayed on individual problems
relative to performance on the other problems are tenuous.
A survey of the group curves and also of the number of errors
to criterion (Table 1) indicate that the subjects' perfor-
mance on the wavelength problem was impaired the most and
their performance on the multiple problem the least. Sub-
ject performance on brightness and pattern problems was
intermediate. (Performance levels for brightness and wave-
length were very close together but the amount of postopera-
tive deficit and number of errors were somewhat greater for
the wavelength problem.) However, information also available
in Table 1, amount of overtraining (that is itself completely
confounded with rate of learning), eliminates the possibility
of a straightforward interpretation that is based solely on
amounts of initial deficit and number of errors to criterion
for each of the four problems.
The amount of overtraining (number of sessions exposure
subsequent to reaching individual problem criterion) for each
of the problems lends itself to a similar ordering of
the
problems. The bluejays received the least postcriterion ex-
posure for the wavelength discrimination and the most
for
40
the multiple discrimination. Subject exposure to pattern
and brightness problems was intermediate to that of wave-
length and multiple problems with bluejays receiving more
overtraining for the pattern problem than for the brightness
problem. Whether the critical variable is simply the pas-
sage of time or removal of neural tissue, the observed
orderliness in amount of impairment for the four problems
is equivalent to that which would be predicted given the
orderliness in the amount of overtraining for the four prob-
lems. On the problem for which the bluejays received the
least amount of overtraining, the wavelength problem, they
exhibited the greatest impairment in performance. In the
multiple problem, the problem for which the bluejays received
the most amount of overtraining
,
a
they exhibited the least
impairment in performance.
Since experimental steps to control for potential varia-
bility introduced by the concomitant variable overtraining
were overlooked, a statistical adjustment — analysis of
covariance — was applied. The number of errors to post-
operative criteria was the dependent variable and amount of
overtraining was the covariant. A rough estimate of the
variability removed through the use of an analysis of covar-
iance can be made by comparing SSB (Y ) and SSB(Y') ^ the
sums
of squares and adjusted sums of squares for the within
subjects independent variable, problems). Even after the
41
variance attributable to overtraining was partitioned out,
performance by wulst lesioned bluejays was reliably below
that of sham operated bluejays (F = 34.45, df = 1,7, p<.001).
A difference between problems in the number of errors to
postoperative criterion was also a reliable one (F = 3.16,
df 3,23, p^.05). A Newman-Keuls pairwise comparisons test
performed on the adjusted means (Lindquist, 1956) for the
wulst lesioned bluejays revealed that performance levels
for the brightness discrimination were more detrimentally
influenced by wulst removal than were performance levels for
the pattern discrimination problem. The differences in per-
formance levels between the brightness and pattern discrim-
ination tasks were the only reliable differences in perfor-
mance observed for any of the six possible pairwise compari-
sons of the four discriminations. (Consult Appendix VIII
for a summary of the analysis of covariance and the Newman-
Keuls pairwise comparisons test.)
A reliable blocks by lesion vs. control interaction for
the pattern discrimination (F = 3.6, df = 5,30, p -(.025) and
a survey of the group curves for the other problems prompted
the use of a modified t-test (Welch's f statistic, Myers,
1972) on the last three postoperative assessment blocks for
each of the four problems. (The t» statistic was used to
compensate for differences in n and heterogeneity of variance
between lesion and control groups.) See Table 2 for a
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summary of the results. Lesioned bluejays' performance
was reliably below that of controls for the last three
pattern discrimination blocks (f =
-3.11, df = 7.4; f =
-7.10, df = 7.2; and f =
-2.39, df = 7.6), the fourth
and sixth blocks of the wavelength discrimination Ct' =
-3.83, df = 6.4 and t' = -3.64, df = 6.8) and the sixth
block of the multiple discrimination (f = -2.85, df = 5.6).
Performance levels between lesions and controls for the last
three brightness discrimination blocks were not reliably
different.
The first indication of a forward vs. reverse perfor-
mance distinction for the pattern problem appeared during
postoperative assessment (F = 10.26, df = 1,6, p<.025).
Performance for the reverse ( Jill ) stimulus condition was
higher than for the forward (=) . A forward vs. reverse stim-
ulus condition distinction seemed not to be a factor influen-
cing performance in any of the other three problems. Figure
5 exhibits the bluejays' performance levels partitioned
into forward vs. reverse and control vs. lesion within the
two stimulus conditions for the pattern discrimination. Within
the forward stimulus condition group, there was overlap in
lesion and control performance levels only for block 4,
where bluejays 1FL and 32FC shared the same mean proportion
correct. Performance by a lesioned bluejay equalled or
surpassed that of control bluejays in block 2 (35RL and 17RC
43
Table 2. Last Three Blocks Postoperative Assessment: Lesion versus
Control. (Welch's t 1 statistic). C=proportion variance/S
accounted for by lesioned subjects. Myers, 1972. pp. 73-74.
BRIGHTNESS t' df P C
0+6 -2.17 6.9 N S 82 1
0+5 -1.33 7.9 N.S. .572
0+4 -1 .82 5.8 N.S. ^62
MULTIPLE t • df P c
0+6 -2 .85 5.6 # .943
0+5 -1 .42 7.6 N.S. .727
0+4 -1 .48 5.0 N.S. 1 .000
PATTERN t
'
df P C
0+6 -2.39 7.6 * .727
0+5 -7.10 7.2 .465
0+4 -3.11 7.4 .760
WAVELENGTH t 1 df P C
0+6 -3.64 6.8 * .830
0+5 -1 .72 6.3 N.S. .873
0+4 -3.83 6.4 * .876
*Signif icant at theoC=.05 level
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shared the same mean proportion correct), in block 3 (35RL»s
performance level was higher than both control birds) and,
in block 6 (35RL's performance level was greater than 17RC)
of the reverse stimulus condition. A reliable forward and
reverse performance distinction was confined to the first
three postoperative blocks (see Table 3).
The amount of overtraining received, relative to a forward
vs. reverse distinction, suggests that a substantial amount
of confounding may have occurred between the planned indepen-
dent variable, forward vs. reverse, and the concomitant var-
iable, amount of overtraining. This could account for the
reliable difference between forward and reverse performances
observed in the postoperative assessment of the pattern dis-
crimination. If the bluejays are ranked in order from those
that received the least postcriterion pattern stimuli exposure
to those that received the most, bluejays in the forward
stimulus condition are ranked first, second, third, fourth
(third and fourth the same amount of exposure) and sixth.
(A Wilcoxin-Mann-Whitney sum of ranks test indicated that
this rank order is significant at the .025 level, N^=N^=5,
T = 16.) The influence that amount of overtraining exerts
on postoperative performance is presented graphically in
Figure 6. Linear regression lines were fitted to the data
for lesion and control groups by the least squares method.
Performance for the first postoperative assessment block, sub-
tracted from performance for the last preoperative assessment
46
Table 3. Pattern Discrimination: Last Three Blocks PostoperativeForward versus Reverse. F e '
0+6
Forward
Mean
.976
S
.007
t df P
Reverse
.981 .002
-1
.83 8 N.S.
0+5 Mean S t df PForward
.978 .018
Reverse
.972 .018
.54 8 N.S.
0+4 Mean S t df pForward .951 .029
-•58 8 N.S.Reverse
.975 .016
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block, ranges along the ordinate. Number of sessions re-
quired to reach individual problem criterion, subtracted
from the number of sessions required to reach overall cri-
terion, preoperatively, ranges along the abscissa. An
appreciable amount of predictability based on a linear rela-
tionship exists in the lesion group ( F = 12.35, df = 1,4,
p<£.025) with a substantial proportion of variance in the
amount of postoperative decrement accounted for by knowing
2the amount of overtraining (r = .79). There was no reliablexy
linear relationship between the same two factors for the
control group (F = 7.00, df = 1,2, p<.10). However, the
size of the control group and the nature of the tests yielded
little power. The convergence of the linear regression lines
suggests that overtraining attenuates the amount of influence
that wulst lesions have on performance. A reliable difference
between the slopes of the linear regression lines for con-
trol and lesion groups would further substantiate such an
interpretation. A test used to check for homogeneity of
slope in an analysis of covariance (Myers, 1972) indicated,
however, that the slopes for the two linear regression lines
were not reliably different. The existence of an interaction
between control and lesion bluejays with differing amounts
of overtraining is certainly suggested.
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DISCUSSION
The Results of this Experiment :
Four factors were observed to contribute to differences
in performance in the present study: (1) Type of visual
discrimination problem; (2) Type of stimulus conditions
(forward as compared to reverse) within problems; (3) Whether
or not the wulst was intact; and, (4) Differences in amount
of overtraining.
Type of visual discrimination problem . All subjects
made fewer errors during original acquisition of discrimin-
ations involving multiple and patterned stimuli (lines or
figures on a field) than for discriminations involving
brightness and wavelength stimuli (fields without lines or
figures). This observation is consistent with earlier unpub-
lished data from a study involving another group of bluejays
(Jones, 1972), In that study, the same three stimulus dimen-
sions were combined to make seven problems. One problem
presented all three dimensions as relevant cues, three prob-
lems presented only two dimensions, and three problems pre-
sented only one dimension. An eighth problem involved two
geometrical patterns that differed in brightness and color.
Five of the eight problems consisted of figures or lines on
a field. A criterion level of performance (two consecutive
group session means that equalled or exceeded 90 percent
correct) was attained for all five of these problems within
six daily sessions where each problem was presented for eight
50
trials. The two-dimensional problem that incorporated
brightness and wavelength was the only problem involving
stimulus fields without figures or lines for which the blue-
jays had attained a criterion level of performance by session
14. Performance for the wavelength discrimination was
higher than for the brightness discrimination but performance
in neither was higher than 90 percent.
Two alternative explanations for these differences in
acquisition between multiple or pattern and brightness or
wavelength discriminations may be considered. Either the
stimuli selected for the brightness and wavelength discrim-
inations were relatively less discriminable than the stimuli
selected for the multiple and pattern discriminations, or
stimuli composed of lines or figures on a field were attended
to more readily by bluejays than were stimuli composed of
fields without lines or figures. An argument that uses the
process of elimination favors the latter.
The evidence is contrary to an explanation that differ-
ences in discriminability between stimuli underlies the
differences in performance. If the amount of discriminability
between stimuli used in the wavelength discrimination is
less relative to the amount of discriminability between stim-
uli used in the multiple discrimination it is difficult to
understand how a propensity to respond to a specific member
of a stimulus pair can be more strongly expressed for the
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wavelength problem. Differences in performance consistent
with a distinction between forward vs. reverse stimulus
conditions were as great and more persistent for the wave-
length discrimination than for the multiple discrimination.
Differences in performance between forward and reverse con-
ditions were observed beginning in the first sessions for
brightness, multiple and wavelength problems. This suggests
that some variable other than differences in discriminability
between stimuli was accounting for differences in performance
between the four problems.
Type of stimulus conditions . Presently, the most
acceptable interpretation of the differences in performance
between forward and reverse stimulus conditions found in
original acquisition for brightness, multiple and wavelength
discriminations is that the brighter of two stimuli is the
one attended to most readily. Brightness was certainly a
consistent cue for both the brightness and multiple discrim-
inations and potentially an influential cue, during early
acquisition, for the wavelength discrimination. A look at
Figures 1 and 4, particularly blocks A+l and A+2, suggests,
however, that the wavelength dimension was in part, exerting
an influence during initial acquisition. If, in the forward
stimulus condition, the brighter of two different wavelength
stimuli was positive 70 to 80 percent of the time (compared
to 100 percent of the time for the brightest stimulus in
the brightness discrimination) then it might be anticipated
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that the performance level in the forward wavelength condi-
tion would be less than for the forward brightness condition.
Quite the opposite is found, however. Performance for the
first two blocks ranges between 61 and 64 percent in the
forward wavelength condition and between 54 and 57 percent
in the forward brightness condition. A similar argument can
be advanced for the reverse stimulus conditions. It might
be anticipated that performance in the reverse wavelength
condition would be greater than in the reverse brightness
condition. However, in the reverse stimulus condition, per-
formance ranged from 38 to 41 percent for the wavelength dis-
crimination, and from 47 to 49 percent for the brightness
discrimination.
Alternative interpretations must also be considered,
however. The argument can be made that a brighter chromatic-
field stimulus is attended to more readily in a wavelength
discrimination than a brighter nonchromatic-field stimulus
is in a brightness discrimination. Such an argument assumes
that two different colors could enhance the differences in
saliency between two intensity values without one of the
colors being necessarily more salient than the other. More
could be made of the fact that other than intensity difference
might contribute to a forward vs. reverse difference in per-
formance. Such arguments could be based on the persistence
into the preoperative training phase of a forward vs. reverse
performance distinction for the multiple problem and the
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observed differences in acquisition between multiple and
brightness discriminations. But, these arguments would have
inherent in them the same sources of ambiguity as outlined
above.
Whether or not the wulst is intact . Support fcr an
hypothesis that ascribes visual processing properties to
the bluejays' wulst obtains from the postoperative impair-
ment of performance demonstrated in brightness, multiple,
pattern and wavelength discriminations following lesions of
the wulst. Impairment of performance in discrimination tasks
that rely on brightness, multiple, or pattern cues occurs
following the removal of the bluejays' wulst and is unequiv-
ocal.
However, in the wavelength dependent discrimination, a
potential for the existence of two separate predictive cues —
brightness and wavelength — must be considered. Attempts
were made to eliminate intensity as a relevant cue by first
equating the two stimuli according to the pigeon photopic
luminosity function and then introducing a procedure which
randomly attenuated one of the two wavelength stimuli by
0.1, 0.2 or 0.3 log units relative to the other stimulus.
The intensity values for the various wavelength stimulus
pairings ar^ available in Appendix II. Measurements made
with two separate instruments are presented. Computations
based on measurements taken with a Honeywell Pentax (1°/21°)
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exposure meter (with a relatively flat spectral sensitivity
curve) indicate that a bluejay in the forward stimulus con-
dition group (S+ being the A- max=605.7 nm stimulus), respon-
ding maximally to the dimmer of two stimuli, should manifest
a performance level of approximately 75 percent correct
(the A max=605.7 nm stimulus is dimmer on approximately 75
percent of the trials). Computations based on the measure-
ments taken with a Photovolt Corporation Photometer (with a
spectral sensitivity comparable to that of humans) indicate
that the same bluejay, however this time responding maximally
to the brighter of two stimuli, should have a percent correct
performance level approximating 80 percent (the A m _
605.7 nm stimulus being brighter on approximately 80 percent
of the trials). Percent correct performance cued only by
intensity depends upon the photopic spectral sensitivity of
bluejays: (a) if similar to that of pigeons, performance
should be approximately 50 percent correct; (b) if less
similar to humans than pigeons, performance should not exceed
a level of 75 percent correct; and (c) if more similar to
humans than pigeons, performance should not exceed a level
of 80 percent correct. In any case, whatever the direction
that the bluejay's photopic spectral sensitivity departs
from that of pigeons, strict adherence to an intensity cue
probably limits performance to less than an 80 percent cor-
rect level, a value exceeded by all blufejays prior to the
operation.
The question cannot be adequately resolved without
electrophysiological or behavioral evidence telling us what
the bluejay's photopic luminosity function is. The blue-
jays that participated in this study will be required in the
future to perform in a stimulus situation which will attempt
to assess the role that intensity plays in discriminating
between the two wavelength stimuli used in this experiment.
Differences in the amount of overtraining
. The greater
the amount of exposure to the pattern problem subsequent to
having reached individual problem criterion, or the greater
the amount of overtraining, the smaller the difference
between the mean performance level over the last four days
prior to the operation and the mean performance level over
the first four days following the operation. This relation-
ship between amount of overtraining and level of retention
for the pattern discrimination can be adequately described
by a linear function. In the other three discrimination
tasks, however, there is no apparent linear relationship
between amount of overtraining and the amount of retention.
The fact that no such linear relationship was observed for
brightness, multiple or wavelength discrimination tasks should
not lead to the conclusion that amount of overtraining does
not influence the amount of retention in these problems,
however. The amount of overtraining received in the various
problems was not a controlled variable. The distribution
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of the amount of overtraining received in the pattern dis-
crimination was such that the values were relatively scattered
along this particular dimension. However, for the brightness,
multiple and wavelength discriminations the values were
bunched at various points along the amount of overtraining
dimension — the values for brightness and wavelength prob-
lems were toward the low amount of overtraining end and the
values for the multiple problem were toward the high amount
end. The results of this experiment definitely suggest
that a systematic look at how the amount of overtraining in-
fluences the amount of retention should be undertaken.
Comparison of Blue jay and Pigeon :
Differences that exist before any removal of the wulst .
Before qualitative and quantitative differences in post-
operative performance between bluejays and pigeons are dis-
cussed, the similarities and differences that may have existed
preoperatively should be considered. Comparisons of charac-
teristics of preoperative performance between bluejays and
pigeons, though they rely on a survey of many experiments
differing in methodology and therefore cannot be particularly
accurate, suggest that the brightness dimension (or a field
without lines or figures) may be responded to more readily
by pigeons, and the pattern/form dimension (or lines or
f igures on a field) may be responded to more readily by
bluejays. A gross estimate of the comparative acquisition
57
rates for brightness and pattern/form discriminations indi-
cates that pigeons take twice the number of trials required
by bluejays to attain a criterion level of performance in
a pattern/form discrimination and 0.6 times the number of
trials required by bluejays in a brightness discrimination.
Any existing differences in saliency for intramodal stimulus
dimensions between bluejays and pigeons would have important
implications for interpretating postoperative performance
differences between bluejays and pigeons.
Differences in pretraining could account for an undeter-
minable amount of these acquisition differences however.
Zeigler (1963) used an illuminated versus a nonilluminated
key and Pritz, Mead and Northcutt (1970) used the S+ stimulus
during pretraining. The differences in acquisition between
bluejays and pigeons for pattern/ form and brightness discrim-
inations are greater when comparing the results reported
in this study using nonilluminated keys with those of Zeigler
and Pritz, Mead and Northcutt, than when comparing these
results with those of Hodos , Karten and Bonbright (1973)
who transilluminated both keys equally during pretraining.
One more point should be made before comparing the
postoperative performance of bluejays and pigeons. Data
from both Zeigler (1963) and Pritz, Mead and Northcutt (1970)
suggests that for pigeons the brighter of two stimuli is the
one responded to most readily. ' Performance in the original
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acquisition phase suggests that this is the case for bluejays
also.
Postoperative differences
. Regarding postoperative
performance following wulst lesions, a number of differences
between bluejays and pigeons seem apparent. First of all,
pigeons seem not to suffer any postoperative impairment
in performance of a color discrimination task. Bluejays do.
There are four factors that could potentially contribute to
this difference. However, only one of the four factors —
(1) decreased wavelength discriminability — could account
for the fact that impairment in performance persisted
through 24 sessions for the bluejays. Two other factors:
(2) a possibly greater saliency for featureless stimuli on
the part of the pigeon; and (3) the somewhat greater physical
separation of ^ max wavelengths (approximately 6.2 nm) and
differences in the parts of the spectrum represented could
account for differences in magnitude of pigeon vs. bluejay
impairment. Pigeons may have had a wavelength discrimina-
bility deficit, but the wavelength discrimination task given
to the pigeons may not have been demanding enough for such
a deficit to be manifest. The fourth factor is (4) the
possible existence of species differences in the visual
system itself.
The observation that performance by pigeons on pattern/
form discriminations is impaired more by wulst lesion than
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performance on brightness discriminations is the basis for a
second difference between bluejays and pigeons. For bluejays
the only significant difference in postoperative performances
between each of the four problems existed between brightness
and pattern. However, performance in the brightness dis-
crimination task was impaired more than performance in the
pattern discrimination task — the converse of that observed
for pigeons with wulst lesions. It appears that for each
species the most salient stimulus dimension may be the one
that exhibits the least impairment relative to the other.
The verity of this assumption, however, rests on the quali-
fication that the brightness and pattern discriminations
were equally discriminable and that the stimulus conditions
for presentation were comparable.
o
A third difference between bluejays and pigeons can be
described as a more persistent postoperative suppression
of performance on brightness, pattern and wavelength dis-
criminations for wulst operated bluejays. (Performance on
a form discrimination task by Zeigler's hyperstriatal pigeons
is an exception.) This difference is most notably true for
the bright ness discrimination even though performance between
control and lesion bluejays is not reliably different in the
last three postoperative assessment blocks. The differences
in persistence of diminished performance on a brightness
discrimination (and for a pattern/form discrimination as
well) could be attributable to differences in the amount of
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involvement of various hyperstriatal structures but such an
explanation seems unlikely in light of the extensiveness of
Zeigler's (1963) lesions. These differences might rather
be considered attributable to two other factors: (1) Dif-
ferences in relative importance that bluejay and pigeon
wulsts have in the mediation of the stimulus information
available in these experiments; and (2) The relative diffi-
culty of the problems presented in the various studies.
The final difference between bluejays and pigeons to
be mentioned resides in the postoperative expression of
preferences. Both bluejays and pigeons expressed a prefer-
ence for the brighter of two stimuli during initial acquisi-
tion. The preference no longer existed in the preoperative
assessment phase for bluejays and did not reappear during
postoperative assessment measurements. Evidence suggests
however, that the preference was reexpressed by pigeons in
postoperative performance (Zeigler, 1963; Pritz, Mead and
Northcutt, 1970).
Comparison of Aves and Mammals
:
Distinctions between avian wulst and mammalian striate
cortex visual functions appear to be expressed in at least
two ways: (1) The delegation of wavelength information
processing roles to neural structures other than the wulst
(Hodos, 1969; and Pritz, Mead and Northcutt, 1970); and
(2) The relatively more severe and permanent performance
deficits on visual tasks reported for mammals following
striate cortex ablation. The demonstration that lesioning
of the bluejay's wulst results in an impairment of color
discriminability does two things: (1) It casts doubt on
interpretations of the avian wulst 's function that exclude
the processing of wavelength information; which (2) shifts
the heretofore considered differences between avian wulst and
mammalian striate cortex functions from both qualitative
and quantitative distinctions to only quantitative distinc-
tions •
Lashley's (1939) and Glickstein, Barrow and Luschei's
(1970) data suggests that the quantitative aspects of the
distinction could possibly be reduced further also. Lashley
reported that discrimination of figures was possible by rats
that possessed no more than 700 neurons (or 1/50 the normal
allotment) in the geniculo-striate system. Glickstein,
Barrow and Luschei reported that monkeys with less than
five percent of their geniculo-striate system intact performed
at a better than chance level in pattern discrimination tasks
when a fading technique was utilized. The fading technique,
in essence, affected a gradual transition from a discrimina-
tion that relied on brightness differences to a discrimination
based on pattern differences. As long as some part of the
cortical projection of the visual field is intact, quite
extensive cortical lesions do not seem to irrecoverably pre-
clude discrimination of differences in lines or figures.
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In every wulst lesion study reported to date, at least some
portion of that structure has been spared. Therefore, the
possibility cannot be ruled out that any residual visual
capabilities on the part of avian species in pattern and
figure discriminations relies on the sparing of neurons in
the thalamo-fugal visual system.
The evidence reported by Lashley and Glickstein et al.
on mammals suggests that quantitative differences between
aves and mammals might be reduced by more complete removal
of the wulst. The review of the work of Weiskrantz (1963),
Humphry and Weiskrantz (1967), and Humphrey (1970) suggests
that quantitative differences between aves and amammals might
be further reduced if the complete residual visual capabili-
ties of mammals following removal of striate cortex are
demonstrated.
With the apparent reduction of quantitative differences
in function between avian wulst and mammalian striate cortex,
the point is rapidly reached where acceptance of the wulst
and striate cortex as analogous neural structures simply
because they are both implicated in the processing of visual
information has to give way to the question — To what extent
are the avian wulst and mammalian striate cortex analogous
in their visual functions? Such an inquiry could proceed
by quantifying the residual visual capacities in those neural
systems that could account for functional recovery following
total ablation both in the avian wulst and the mammalian
striate cortex. The fact that residual light quality dis-
crimination capacities exist for both aves and mammals sug-
gests one direction. Discrimination by destriate mammals
between two light sources relies on differences in luminous
flux and is not maintained by differences in luminance.
On what basis do aves that have had their wulst removed
discriminate between two light sources?
Comparisons of residual visual capacities following
tecto-fugal and thalamo-fugal lesions in mammals (Schneider,
1969) and aves (Hodos and Karten, 1966; Hodos, 1969; and
Hodos and Karten, 1979) lead to some interesting speculations
and suggests another direction for research. Schneider at-
tributed impairment of performance following collicular
lesions to deficits in orienting and object localization and
impairment following striate cortex lesions to deficits in
pattern recognition or discrimination. If orientational fac-
tors are eliminated, then ability to discriminate on the
basis of pattern or form is more severly impaired following
striate cortex lesions than following collicular lesions.
Impairment in pattern and form discrimination tasks following
nucleus rotundus lesions (or ectostriatal lesions that are
problematical in interpretation because the tecto-fugal and
thalamo-fugal visual systems converge in this area) is more
severe than following nucleus opticus principalis thalami
or hyperstriatum accessorium lesions. This presents a
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paradox for those who advocate analogous visual systems for
aves and mammals and suggests that the relative roles for
tecto-fugal and thai amo-fugal systems between aves and
mammals should be subjected to closer scrutiny. Perhaps
the emphasis should be more evenly distributed between
similarities and differences rather than being predominantly
focused on the similarities.
The bluejay's wulst may function in the temporary re-
tention of a discriminative operant prior to consolidation
in other neural areas. A similar function has been attributed
to the temporal cortex of monkeys (Chow and Survise, 1958;
and Orback and Fantz, 1958). Such a function is implied for
the bluejay's wulst and mammalian temporal lobe because less
practiced visually dependent discriminative operants are
more susceptable to ablation of these areas than are more
practiced visually dependent discriminative operants. This
phenomenon was observed in brightness, pattern and non-inten-
sity controlled wavelength discriminations for the monkey,
but only in a pattern discrimination for the bluejay.
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Appendix I. Computations for Equating Luminosities.
l?
x - Luminous Flux.
M
-
Spectral Radiant Emit tance of a Blackbody
Radiator (2800 K) . '
&
T - Spectral Emissivity of Tungsten (2800°!')
£*
d
> ' Radiant Flux Emitted in Wavelength Interval d\ - Photopic Relative Luminous Efficiency *
Function (Pigeon)
.
Tx - Transmittance of Kodak V/ratten Filters
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80 8.13x10~ 1 .44 .36 5.01
90 (.38) (4.41) 1 .26 (2.10)
600 9.22x10" 1 .43 .40 3.80 5.89 8.95
10 (.42) (3.52) 5.25 (7.79)
20 10.32x10~ 1 .43 .44 3.24 2.88 4.14
30 (.47) (2.57) 1 .26 (1.51)
40 11 .40x10~ 1 .43 .49 1 .91 .48 .45
50 (.51) (1.25) .14 1.3 (.09) (.83)
60 12.47x10" 1 .43 .53 .59 12.4 3.87
70 (.55) (.46) 35.5 (d.dd)
80 13.51x10~ 1 .42 .57 .32 58.0 10.61
90 (.59) (.18) 72.1 (7.86)
700 14.50x10~ 1 .42 .61 .05 80.3 2.54
25.05 34.59
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34.59
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Appendix II. Intensity Values for Unidiraensional Problems: Average
of Three Readings.
Honeywell Pentax 1°/21° Exposure Meter: ft.L.
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Appendix IV. Within Subjects Analysis of Variance based on the
number of preoperative trials to criterion, all
10 blue jays arc grouped together.
SV df
S 9
A 3
SA 27
ss
31675.900
83654.200
24918.300
MS
27884.733
922.900
F
Problems A 30.214 P/.001
Newman-Keuls Pairwise Comparisons Test based on the
number of preoperative errors to criterion.
(Mendenhall and Ramey, 1973)
M P B W
29.2 56.3 126.4 137.3
M 29.2 27.1(33.2) 97.2(41 .7)* 1 08 . 1 ( 47 . 1 ) *
P 56.3 70.1(33.2)* 81 .0(41 .7)*
B 126.4 10.9(33.2)
W 137.3
* P^.05
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